Background: Stress ulcer prophylaxis (SUP) using ranitidine, a histamine H2 receptor antagonist, has been associated with an increased risk of ventilator-associated pneumonia. The proton pump inhibitor (PPI) pantoprazole is also commonly used for SUP. PPI use has been linked to an increased risk of community-acquired pneumonia. The objective of this study was to determine whether SUP with pantoprazole increases pneumonia risk compared with ranitidine in critically ill patients. Methods: The cardiothoracic surgery database at our institution was used to identify retrospectively all patients who had received SUP with pantoprazole or ranitidine, without crossover between agents. From January 1, 2004, to March 31, 2007, 887 patients were identified, with 53 patients excluded (pantoprazole, 30 patients; ranitidine, 23 patients). Our analysis compared the incidence of nosocomial pneumonia in 377 patients who received pantoprazole with 457 patients who received ranitidine. Results: Nosocomial pneumonia developed in 35 of the 377 patients (9.3%) who received pantoprazole, compared with 7 of the 457 patients (1.5%) who received ranitidine (odds ratio [OR], 6.6; 95% confidence interval [CI], 2.9 to 14.9). Twenty-three covariates were used to estimate the probability of receiving pantoprazole as measured by propensity score (C-index, 0.77). Using this score, pantoprazole and ranitidine patients were stratified according to their probability of receiving pantoprazole. After propensity adjusted, multivariable logistic regression, pantoprazole treatment was found to be an independent risk factor for nosocomial pneumonia (OR, 2.7; 95% CI, 1.1 to 6.7; p ‫؍‬ 0.034). Conclusion: The use of pantoprazole for SUP was associated with a higher risk of nosocomial pneumonia compared with ranitidine. This relationship warrants further study in a randomized controlled trial.
N
osocomial pneumonia is the leading infectious cause of death in critically ill patients. 1 The crude mortality rate is estimated to be 20 to 50%, with an average increase in hospital stay of 7 to 9 days. 2 Pneumonia treatment is also responsible for a substantial proportion of antimicrobial therapy in critically ill patients, which can impact bacterial resistance. This excess mortality, morbidity, and cost have spurred efforts directed at the identification of modifiable risk factors and prevention of nosocomial pneumonia.
Acid suppressive therapy for stress ulcer prophylaxis (SUP) may increase the risk of ventilatorassociated pneumonia (VAP) in critically ill patients. 3, 4 The elevation of gastric pH leads to bacterial overgrowth in the stomach and potential colonization of the trachea by way of reflux into the pharynx followed by microaspiration. 5, 6 Consequently, the relative risks and benefits of acidsuppressive therapies for SUP are controversial. One investigation 7 compared the histamine-2 receptor antagonist (H2RA) ranitidine to antacids and the acid-neutral agent sucralfate for SUP in mechanically ventilated ICU patients. The results showed no difference in clinically significant bleeding between the groups and a significant increase in the rate of late-onset VAP in patients receiving ranitidine or antacids. Another trial 8 compared ranitidine with sucralfate in 1,200 patients receiving mechanical ventilation for Ͼ 48 h. The investigators found a significant decrease in the rate of clinically significant bleeding for patients receiving ranitidine, accompanied by a nonsignificant increase in VAP.
In the past few years, proton pump inhibitors (PPIs) have been used increasingly for SUP. The rationale for their use is based mainly on their increased potency compared with H2RAs such as ranitidine. 9 However, there are few data regarding their safety and efficacy compared with H2RAs in critically ill patients. 10 Moreover, studies 11, 12 in the ambulatory population have found increased rates of community-acquired pneumonia in patients treated with PPIs compared with H2RAs. Thus, our study was designed to determine whether prophylaxis with the PPI pantoprazole increases the risk of nosocomial pneumonia compared with prophylaxis with the H2RA ranitidine in hospitalized cardiothoracic surgery patients.
Materials and Methods

Study Design and Patients
This is a retrospective cohort analysis of patients admitted to the Cardiothoracic Surgery Service of Wake Forest University Baptist Medical Center (WFUBMC), an 870-bed tertiary care facility. Our institutional review board approved the study protocol, and informed consent was waived. Patients were identified by query of WFUBMC patients entered into the Society of Thoracic Surgeons (STS) database. 13 All patients undergoing cardiac valvular and/or revascularization surgery are entered into this database, consisting of both prospectively and retrospectively collected data elements from the clinical record. Over 600 centers nationwide contribute data to permit analysis of practice performance characteristics, major outcomes, and process-ofcare measures using rigorously defined standards. In our institution, dedicated nurses who are entirely independent of the care team and the study investigators enter these data. The STS database provides strict guidance to these data managers regarding each included data element (including pneumonia). Patients were eligible for inclusion in the study if they were Ͼ 18 years of age and had been admitted to the WFUBMC Cardiothoracic Surgery Service from January 2004 through March 2007. For patients with multiple hospital admissions during the study period, only the first hospital admission was eligible for inclusion. All patients admitted to this service receive acid-suppressive therapy for SUP. Hospital admission order sets list both pantoprazole and ranitidine as options, with the choice of agent left to the discretion of the prescribing physician. For inclusion in this study, patients must have received either pantoprazole or ranitidine without crossover between the two agents during the index hospital admission. Patients were excluded if they had a diagnosis of pneumonia within the preceding 3 months, a history of clinically significant dysphagia, documented aspiration during their hospital admission, a history of immunosuppression (ie, long-term corticosteroid treatment with Ͼ 10 mg of prednisone or equivalent per day, receipt of chemotherapy within the preceding year, recent solid organ transplantation, treatment with any antirejection medication), or a diagnosis of HIV infection.
Data Collection and Variables
Demographic and clinical data were abstracted via query of the STS database. However, the following variables were not available in the database: history of gastroesophageal reflux disease, diabetes mellitus, asthma, cerebrovascular disease, tobacco use, use of acid suppressive therapy before hospital admission, and tracheostomy placement postoperatively. These variables were manually abstracted from the electronic and paper medical record by the primary investigator. Previous investigators have recommended including both preoperative and postoperative variables for risk assessment of cardiothoracic surgery patients. Accordingly, we chose variables that have previously been found to be predictors of outcome in this population. 14 -18 Comorbid illness such as heart failure, COPD, diabetes, and stroke are elements of the validated risk adjustment model used in the STS database. Postoperative elements including transfusion requirements, duration of mechanical ventilation, and need for intraaortic balloon pump support postoperatively have been observed by others to be important predictors of outcome (including pneumonia). 19, 20 In contrast, physiology-based scoring systems commonly used in other critically ill populations to estimate severity of illness have proved inadequate in the postoperative cardiothoracic population, 14, 21 and thus were not included in our analysis.
Outcome
The primary outcome of interest was the incidence of nosocomial pneumonia. This end point is a metric included in the STS database. Independent data managers review the clinical record and hospital discharge summaries to identify patients treated with antibiotics for nosocomial pneumonia. They search for the following terms/diagnoses: pneumonia, ventilator pneumonia, positive respiratory cultures, respiratory infection, and hospitalacquired pneumonia (HAP). For the purposes of this study, pneumonia cases were initially identified by query of the STS database. Patients identified by the query as having nosocomial pneumonia postoperatively were then screened against the study criteria for pneumonia, as defined by the National Nosocomial Infection Surveillance system algorithm ( Table 1) . 22 Patients with pneumonia onset after at least 48 h of mechanical ventilation or within 48 h of extubation were classified as having VAP. Quantitative cultures of tracheal aspirates are routinely used in our institution for the microbiological confirmation of the etiology of VAP. This technique has been found to perform comparably to quantitative bronchoscopic cultures in several studies. Additionally, hospital discharge summaries were reviewed for the incidence of acute upper GI bleeding (UGB).
Statistical Analysis
We used a propensity score adjustment to isolate the impact of medication on the development of pneumonia. Propensity score analysis is a useful means of balancing the distribution of covariates associated with the nonrandom allocation of treatment that is often found in retrospective studies. Since its introduction by Rosenbaum and Rubin 23 in 1983, the propensity score has been increasingly used in observational studies to adjust for important differences between groups of interest.
The propensity score for an individual is the probability of being treated conditional on the individual's background characteristics. 23, 24 Propensity scores are calculated using multivariate logistic regression, with receipt of treatment (pantoprazole) as the dependent variable. We defined and controlled for 23 measured patient variables that were considered a priori to contribute to the probability that an individual would be given pantoprazole (Table 2) . Using these data, the propensity for receiving pantoprazole was calculated for all patients in both treatment groups. The propensity score for each patient was then forced into a second multivariate logistic regression model, this time with pneumonia as the dependent variable. This technique allows us to control for selection bias in our final regression model. The discriminative power of the propensity scores was quantified using the area under the receiver operating-characteristic curve (C-index).
The proportion of patients in whom pneumonia developed is also presented as a function of a tertile split of the propensity score ("low, medium, and high propensity for pantoprazole"). Descriptive statistics are presented as the mean Ϯ SD, median (interquartile range [IQR]), or No. (%) as appropriate. Univariate differences between medications were assessed using the MannWhitney U test and 2 tests, as appropriate. All analyses were performed using a statistical software package (SPSS, version 13.0; SPSS, Inc; Chicago, IL).
Results
The flow of patients through our study is depicted in Figure 1 . During the study period, 1,682 patients were entered into the STS database, with 795 of these patients deemed ineligible for inclusion because of crossover therapy. Of the 887 remaining patients, 407 received pantoprazole and 480 received ranitidine. From this population, 53 patients were excluded (30 who were receiving pantoprazole, 23 who were receiving ranitidine) with the most common reasons for exclusion in both groups being a prior pneumonia diagnosis and a history of immunosuppression.
As presented in Table 2 , pantoprazole patients were significantly older than ranitidine patients (mean age, 65.3 Ϯ 11.8 vs 60.9 Ϯ 13.5 years, respectively), had a greater incidence of reflux disease (24.7% vs 12.0%, respectively), and New York Heart Association class IV heart failure (26.5% vs 11.4%, respectively). In addition, pantoprazole patients had a longer median duration of mechanical ventilation (13 h [IQR, 8 to 22 h] vs 10 h [7 to 17 h], respectively), greater mean use of blood products such as packed RBCs (3.8 Ϯ 4.5 vs 3.0 Ϯ 2.2 units, respectively) and need for tracheostomy (3.9% vs 0.7%, respectively). However, the utilized statistical model adequately balanced the considered covariates, adjusting their influence on the estimated risk of pneumonia associated with pantoprazole. This can be seen in Table  2 , where the observed p values for all considered covariates are reduced to statistical nonsignificance after controlling for the propensity score (p value after adjustment column). The incidence of UGB in this population was low, occurring in three patients in the pantoprazole group (0.8%) vs one patient in the ranitidine group (0.2%; p ϭ 0.333).
Outcome
Query of the STS database produced 101 pneumonia cases, with 34 in the crossover group. An Respiratory culture results can be found in Table 3 .
We analyzed the year-to-year variation in pneumonia incidence for each group using the 2 test. This analysis showed no significant intragroup variation in the yearly pneumonia incidence over the 37-month study period (data not shown). Pneumonia was found in 34 of 795 patients (4.3%) in the crossover group. An incidence somewhere in the middle between pantoprazole and ranitidine would seem to fit our hypothesis; however, we interpret these data with caution. The patients in the crossover group received varying durations of therapy with each agent. Moreover, pneumonia episodes often occurred during a transition phase between agents, where the acid suppressive effects of each agent could be additive. In addition, we do not have information regarding other important covariates to quantify the baseline pneumonia risk in the crossover.
Propensity score analysis was conducted to account for the nonrandom treatment allocation observed during the study period. The propensity score adequately discriminated between the two groups with each predictor successfully balanced by propensity adjustment, p Ͼ 0.06, and a C-index of 0.77. Propensity scores were also used to stratify the sample, splitting the population into tertiles of probability that a patient would be given pantoprazole (Fig 3) . In Figure 3 , the propensity for patients to receive pantoprazole increases from left to right, as does the incidence of pneumonia. This suggests that the same factors guiding prescription of pantoprazole also conditioned the risk for pneumonia. However, in each tertile, patients in both treatment groups have a similar propensity to receive pantoprazole (and similarly balanced distributions of covariates). Thus, the difference in pneumonia incidence in each tertile reflects the isolated effect of treatment with pantoprazole. In our primary analysis, a propensity adjusted, multivariable linear regression found pantoprazole treatment to be an independent risk factor for nosocomial pneumonia (OR, 2.7; 95% CI, 1.1 to 6.7; p ϭ 0.034).
Discussion
This study is the largest comparison of PPIs and H2RAs in the critical care population. Our results show an increase in the risk of nosocomial pneumonia in patients receiving pantoprazole for SUP compared with those that received ranitidine. Previous studies 7, 8 of SUP comparing an H2RA to acidneutral therapy have found small increases in pneumonia rates. In the largest trial to date, 8 the statistically insignificant increase in pneumonia was offset by a lower rate of clinically significant bleeding. Thus, many clinicians judge the uncertain increase in risk of pneumonia to be an acceptable one. However, the overall incidence of bleeding in critically ill patients has decreased substantially with improvements in modern intensive care, independent of prophylactic measures. 9 Moreover, PPIs have not been shown to reduce the incidence of clinically significant bleeding compared with H2RAs. 10 The overall incidence of UGB in our population was low and did not differ between treatment groups. However, it should be noted that our study was not 
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Data from Madl et al 25 showed PPIs to provide superior acid suppression compared with H2RAs in critically ill patients. In addition, it has been demonstrated 26 that patients receiving omeprazole experience significantly greater gastric bacterial growth compared with those receiving cimetidine. To date, the largest prospective, randomized, placebo-controlled trial 27 comparing the two classes of acid-suppressive agents analyzed the effectiveness of omeprazole suspension compared with cimetidine continuous infusion. The primary objective was to determine the noninferiority of omeprazole in preventing clinically significant bleeding. Analysis of the 360 patients resulted in omeprazole being judged noninferior according to the criteria of the study. The study also found a 2% absolute increase in the incidence of VAP; however, the difference was nonsignificant. Interpretations of these results are limited by the population size of the study, which was not powered to assess the risk of nosocomial pneumonia.
As a consequence of its observational design, our study is limited by a lack of control over treatment assignment. Accordingly, propensity score methodology was used to balance the covariate distribution surrounding the observed nonrandom treatment allocation. However, this methodology is only able to control for observed confounding covariates and not for unobserved ones. It is possible that other important differences exist that were not included in our statistical model. As with any observational design, it is impossible to eliminate this potential for residual confounding. Only a prospective, randomized trial can adequately balance both measured and unmeasured covariates. As such, we consider our results hypothesis generating only.
In addition, there was a high incidence of treatment crossover in the population, which excluded a large number of patients. The study was performed in a group of cardiothoracic surgery patients; thus, these results may not apply to other populations. The retrospective design also precluded any gastric sampling for pH analysis or culturing. We did not account for the use of nasogastric vs orogastric feeding tubes, use of enteral nutrition, or use of prior antibiotic therapy. In addition, we did not document rates of using chlorhexidine mouthwash or semirecumbent positioning. However, during the period of data collection these prophylactic measures were mandated in all patients by an ICU treatment protocol. Additionally, treatment protocols call for the early advancement of enteral nutrition for all patients and the preferential placement of orogastric feeding tubes. We were unable to account for any differences in duration of acid suppression therapy between the two treatment groups. Differences in exposure to acid suppression could have affected pneumonia risk. However, the general practice in our ICU is to continue SUP until patients are transferred to a lower level of care, regardless of which agent is being used. The incidence of pneumonia in our population was relatively low and may not reflect the incidence in the general population. We do not report secondary end points such as length of stay, mortality, or overall use of antimicrobial therapy. Although these end points would further put into context our findings, their interpretation would be difficult considering the many factors affecting these outcomes in critically ill patients. Finally, there were significant differences between the treatment groups, resulting in large CIs for the primary end point. VAP is associated with prolonged duration of mechanical ventilation, 28 which may also increase the rate of tracheostomy. Hence, the OR of the development of pneumonia in patients receiving pantoprazole was potentially underestimated due to the inclusion of these variables in our propensity analysis. We cannot determine how much of the observed difference in these variables is attributable to a higher initial severity of illness in the pantoprazole group or directly to the use of pantoprazole.
Conclusions
In a population of cardiothoracic surgery patients, the use of pantoprazole for SUP was associated with a higher risk of nosocomial pneumonia compared with ranitidine. This relationship warrants further study in a randomized controlled trial.
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